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SAFETY RECOMMENDAT I D N ( S )  
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Admini s t r a t o r  
Federal Aviation Administration 
Washington, D. C. 20591 I 

A-76-105 t h r o u g h  115 -- 

The National Transportation Safety Board has completed a special 
sa fe ty  study t i t l e d ,  "General Aviation Accidents Involving Aerobatics, 
1972-1974." 
recent years of f a t a l  aerobatic accidents. For example, from 1972 
through 1974, 105 such accidents resulted in 107 f a t a l i t i e s  and 21 
serious injuries. 
i n g  i n t e re s t  in sport  aerobatics and the continuing manufacture of 
airplanes ce r t i f i ca t ed  for aerobatic operation, an e f f o r t  should be made 
t o  reduce the number of aerobatic accidents. 

The study revealed several areas in  which corrective action i s  

This study was prompted by the continued occurrence in 

The Safety Board believes t h a t ,  in view of the grow- 

necessary: 

Aerobatic 'Training--. 
the aerobatic curriculum o r  t o  a p i l o t ' s  aerobatic proficiency o r  
experience since there  a re  no ce r t i f i ca t ion  t e s t s  or airman ra t ings  
required in connection with the performance of aerobatics. 
regulatory influence prompts concern i n  two re la ted areas:  
cations of the  aerobatic f l i g h t  ins t ruc tor ,  and the unrestricted performarice 
of aerobatic maneuvers by p i lo t s  lacking adequate t ra ining or experience. 
The operational implications and safety aspects re la t ing  t o  aerobatics 
a re ,  i n  many respects,  no l e s s  c r i t i c a l  than those associated with other 
areas of operation requiring special t ra in ing  and experience, f o r  example, 
instrument f l i g h t .  I t  i s  essen t i a l ,  therefore ,  tha t  a l l  p i lo t s  performing 
aerobatics be thoroughly famil iar  w i t h  a l l  of the approved f l i g h t  maneuvers, 
specialized operational techniques, and performance f l i g h t  charac te r i s t ics  
of each make and model a i rplane flown aerabat ical ly .  Moreover, the 
student aerobatic p i lo t  should not perform solo aerobatic maneuvers 
w i t h o u t  the exp l i c i t  approval of a qual i f ied aerobatic f l i g h t  instructor .  

There are  no regulations which r e l a t e  d i r ec t ly  t o  

This lack of 
The qua l i f i -  
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- Aerobatic Operations/Airworthiness--. 
standards i n  14  CFR 23 a r e  only minimal standards and t h a t  ce r t i f i ca t ion  

I t  i s  recognized t h a t  the airworthinesl 

in the  aerobatic category does n o t  necessarily mean t h a t  a l l  types of 
aerobatic maneuvers may be performed. Moreover, i f  those ae 
maneuvers approved fo r  a par t icu lar  a i rplane were always f l o  
aerobatic p i l o t s ,  the probabili ty of exceeding the  design f l  
would not be s ign i f icant .  Professional aerobatic p i l o t s ,  ho 
t o  f l y  higher s t rength,  higher performance airplanes w i t h  r e  
r e s t r i c t i o n s  while the novice aerobatic p i lo t s  rout inely f l y  more r e s t r  
types. Because of  the  s ign i f icant  difference i n  s t ruc tura l  l imitat ions 
between several current ly  popular aerobatic a i rplanes,  the label "ce r t i  
for aerobatics" may r e su l t  in a f a l s e  sense of secur i ty  by suggesting o 
implying an operational or s t ruc tura l  capabi l i ty  t h a t  does not ex is t .  
In view of  this f a c t ,  the  expanded in t e re s t  in  aerobat ics ,  and the 
performance of increasingly sophisticated aerobatic maneuvers by r e l a t i  
inexperienced p i l o t s ,  i t  i s  increasingly essent ia l  fo r  p i l o t s  t o  comple 
understand a l l  of the  operational implications associated w i t h  the  
performance of aerobatics and f o r  manufacturers and FAA t o  assure an 
adequate margin of sa fe ty  in maneuvers flown by these p i l o t s ,  
inverted maneuvers. 

have been improved and expanded over the years with respect 
standards which dis t inguish between type of a i rplane operation, demonstra 
o f  maneuvers for which c e r t i f i c a t i o n  i s  requested, spec i f i ca t  
approved types of aerobatic maneuvers and  entry speeds, e tc .  Whil 
appl icat ions fo r  or iginal  ce r t i f i ca t ion  a re  processed i n  accordanc 
14 CFR 2 3 ,  an airplane previously ce r t i f i ca t ed  i n  the  normal category 
under an older  Regulatory Part such a s  CAR 4A may be current ly  c e r t i f i  
in  the  aerobat ic  category under tha t  same ( l e s s  rigorous) Part. This 
does n o t  appear appropriate from an operational,  technological, o r  
sa fe ty  point of view and the number of years in  which a product may be 
ce r t i f i ca t ed  i n  accordance w i t h  a par t icu lar  version of the  a 
requirements should be l imited.  

actual f l i g h t  loads on a number of general aviation airplanes for co 
w i t h  t h e i r  design f l i g h t  envelopes, including accelerat ions measured 
d u r i n g  individual pract ice ,  and competitive aerobat ics .  The study 
disclosed s ign i f i can t  exceedences of the  negative limit load f ac to r  
required by 14 C F R  2 3  f o r  c e r t i f i c a t i o n  i n  the  aerobat ic  ca t  
obligatory groups of outside-type competitive maneuvers were 
They also found t h a t  p i l o t  control forces were not necessari 
indication of negative normal load fac tors  nor would the con 
be a physical limit f o r  load fac tors  tha t  exceeded the  minim 
negative load fac tors .  The  Safety Board recognizes t h a t  the 
type maneuvers a r e  not approved in  a l l  aerobat ic  a i rplanes.  

Regulatory requirements fo r  ce r t i f i ca t ion  i n  the  aeroba 

The National Aeronautics and Space Administration has s tud ie  
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i n  view of  the novice p i l o t ' s  increasing exposure t o  aerobatics,  the 
r e l a t ive  ease of inducing h i g h  negative load fac tors ,  and the demonstrated 
manufacturing and economic f e a s i b i l i t y  of increased s t ructural  l imi t s  
( f o r  example, the Bellanca Decathlon has l imi t  maneuvering load factors  
ranging from -5 t o  +6), consideration should be given t o  expanding the 
design f l i g h t  envelope fo r  aerobatic cer t i f ica t ion  and t o  the specification 
of s t i ck  force gradients uniquely applicable t o  aerobatic a i rplanes.  

Aerobatic Accidents A t  Low Alti tude--.  
i n  aerobatic related accidents occur a t  low al t i tudes--al t i tudes t h a t  

The majority o f  s t a l l s  and spins 

make recovery d i f f i c u l t  or impossible. 
with ground o r  water, wires, poles, and t r ees  a lso r e f l ec t  the hazards 
of performing aerobatics a t  low a l t i t ude .  Flights cbnducted a t  these 
a l t i t udes  a r e ,  f o r  the most pa r t ,  contrary t o  and in violation of the 
prov,ision contained in FAR 91.9 "Careless or reckless operations," and 
FAR 91.71 "Acrobatic F l i g h t "  which prohibits aerobatics a t  an a l t i t ude  
below 1,500 f t  above the  surface. Accident prevention e f f o r t s ,  therefore ,  
should logical ly  focus primarily on the application o f  more ef fec t ive  
measures of enforcement. 

Spins--. I n  years past ,  spins and spin recovery procedures have been 
over-simplified t o  soine degree and  only recently has i t  been emphasized 
t h a t  the recovery process required for consis tent ,  optimum r e su l t s  'in 
some airplanes may be very precise. 
circumstances stemming from confusion, apprehension, disor ientat ion,  o r  
the misapplication of f l i g h t  controls which may seriously thwart the 
recovery process. 
techniques has only recently been a t ta ined ,  f l i g h t  ins t ruc tors  a re  not 
generally aware of many of the operational implications. In an e f fo r t  

' t o  disseminate the most recent s p i n  recovery information, the FAA's 
Central Region devoted the e n t i r e  issue of t h e i r  "Flight Instructor  
Bulletin" of Augus t  1975 t o  the subject of spins. In addi t ion,  the 
Central Region also i n i t i a t e d  a s e r i e s  of s t a l l  s p i n  c l i n i c s  fo r  f l i g h t  
instructors  i n  order t o  brief them regarding the precise spin character-  
i s t i c s  of various make and model airplanes and, t h r o u g h  actual f l i g h t  
demonstrations, provide appropriate operational indoctrination. The 
f l i g h t  ins t ruc tor  plays a v i t a l  role  i n  connection with b o t h  the pre- 
vention and teaching of spins.  The Safety Board believes,  therefore ,  
t h a t  t,hese s t a l l  spin c l i n i c s  should be conducted in a l l  FAA Regions. 

In addition, many of the col l is ions 

lhere  a re ,  moreover, various' opwational 

Because some o f  the knowledge regarding spin recovery 

In a number of accidents involving spins i t  appeared t h a t  the 
re la t ive ly  low a l t i t u d e  involved provided l i t t l e  or no margin fo r  0peratio:ial 
error such a s  inept or  delayed recovery, misjudgment o f  a l t i t u d e ,  dis-  
orientation, etc. Also,  cer ta in  operational vagaries or anomalies were 
recently given considerable a t tent ion when several f l i g h t  instructors  
complained of experiencing d i f f i c u l t i e s  i n  recovering from spins. 
result of these accidents and incidents,  the i n i t i a t i o n  of spins a t  

As a 
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higher, conservative a l t i tudes  i s  be ing  increasingly emphasized. Moreo 
i n  view of the expanding interest i n  aerobatics,  the  Safety Board belie 
t h a t  FAR 91.71 should  be amended t o  include a schedule of m i n i m u m  
sp in  a l t i t udes ;  fo r  example, no spin regardless o f  time,duration, 
number of turns should be permitted t o  be i n i t i a t e d  below an a1 
3,500 f t  above the surface and spins i n i t i a t e d  a t  this a l t i t u d e  shoul 
not exceed a designated number o f  turns before recovery i s  begun. A 
conservative increment i n  a l t i t ude  should be required f o r  each addi t io  
spin turn or  f ract ion thereof. 

Load Factor Measurement--. Despite a l l  the emphasis place 
c r i t i c a l  importance o f  observing an a i rp lane ' s  1 imit load factors  d u r i n g  
the performance o f  aerobatic maneuvers, accelerometers a re  not  required 
on most aerobatic airplanes.  
general "seat  of the pants" capabi l i ty  fo r  sensing the approximate order 
of magnitude of load fac tors ,  c r i t i c a l  dependence on t h i s  means alone t o  
assure operation within rather  precise limits does not appear j u s t i f i ed .  
As previously pointed out ,  s t i ck  forces themselves a re  not necessarily a 
r e l i ab le  indication of load f ac to r ,  par t icular ly  negative load factor .  
Nor do stick forces pose any s igni f icant  physical constraint  t o  the 
generation of excessive load fac tors .  
useful and fundamentally re la ted t o  the performance o f  aerobatic maneuvers, 
the Safety Board believes t h a t  they should be in s t a l l ed  in a l l  aerobatic 
airplanes.  

In view of the above, the National Transportation Safety Board 
recommends t h a t  the Federal Aviation Administration: 

While aerobatic p i l o t s  may acquire a 

Because accelerometers a 

Expand the presentation of f l i g h t  ins t ruc tor  s t a l  l / s p i n  
indoctrination c l i n i c s  patterned a f t e r  the one i n i t i a l l y  
held i n  FAA's Central Region on August 15-17, 1975, t o  
include a l l  FAA Regions and various popular make and 
model a i rplanes.  (Class 11--Priority Followup.) 

Require a commercial f l i g h t  ins t ruc tor  t o  hold a 
of competence" o r  i t s  equivalent before p rov id in  
ba t ic  instruct ion other than tha t  routinely required 
during the normal course of t ra ining f o r  airman certi- 
f i ca t ion  t e s t s .  (Class 111--Longer-Term Followup.) 

Require t h a t  p i l o t s  obtain a logbook endors 
aerobatic f l i g h t  ins t ruc tor  before performing a 
maneuvers other  than those required i n  connectio 
airman ce r t i f i ca t ion  t e s t s .  ( C 1  ass  111-Longer- 

(A-76-105). 

(A-76-1 06). 

F O l  1 Owup. ) (A-76-1 07). 
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Issue an Advisory Circular explaining the operational 
considerations, airworthiness requirements, and safety 
aspects associated with the performance of aerobatics.  
(Class 11--Priori t y  Fol lowup. ) 

Require t h a t  a l l  airplanes subsequently cer t i f ica ted  in 
the aerobatic category, including those previously cer t i -  
f icated in  another category under a Regulatory Part other 
t h a n  14. CFR 23, conform with the  currently applicable 
s t ructural  c r i t e r i a  in  Subpart  C of FAR 23, par t icular ly  
the provisions re la t ing  t o  l imi t  maneuvering load factors .  
(Class I I--Priori t y  Fol lowup. ) 

Evaluate t h e  feas ib i l  i ,ty of specifying s t ick  force gradient 
requirements uniquely applicable t o  aerobatic airplanes 
in 14  CFR 23.155, "Elevator Control Force in Maneuvers." 
(Class 111--Longer-Term Followup.) (A-76-110). 

Amend 1 4  CFR 91.71, "Aerobatic Flight" t o  include a 
schedule o f  minimum i n i t i a l  spin a l t i t udes .  (Class 11-- 
Priority Followup. ) (A-76-11 1 ). 

Conduct an intensive accident prevention campaign t o  
emphasize and enforce effect ively the provisions of 14 
CFR 91.71, "Acrobatic f l i g h t , "  and 14 CFR 91.9, "Careless 
or Reckless Operation ," (Class 11--Priority Followup. ) 

Require the  in s t a l l a t ion  .of accelerometers in a l l  aerobatic 
airplanes.  (Class 111--Longer-Term Followup.) (A-76-113). 

Amend 14 CFR 23.3.37, "Limit Maneuvering Load Factor," t o  
increase the minimum required, negative 1 imit maneuvering 
load fac tor  fo r  aerobatic airplanes from -3.0 t o  -4.5. 
(Class 111--Longer-Term Followup.) (A-76-114). 

Amend 14 CFR 23.3.33, "Flight Envelope" t o  require t h a t  
t he  negative maneuvering load fac tor  specified in 14 CFR 
23.337 f o r  the aerobatic category remain constant between 
design cruising speed and design dive speed. 
111--Longer-Term Followup.) (A-76-115). 

(A-76-108). 

(A-76-109). 

(A-76-1 1 2 ) .  

(Class 
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TODD, Chairman, BAILEY, Vice Chairman, McADAMS, HOGUE,, an 
Members, concurred i n  t h e  above recommendations. 

THESE RECOMMENDATIONS WILL BE RELEASED TO THE PUBLIC ON TH 
DATE SHOWN ABOVE. 
DOCUMENT SHOULD BE MADE PRIOR TO THAT DATE. 

NO PUBLIC DISSEMINATION OF THE CONTENTS OF THIS 


